RESULTS
In Table  I index, stroke index, mean blood pressure, total peripheral vascular resistance, end-diastolic pressure, left ventricular forward fraction, end-diastolic and endsystolic volume, circumferential shortening rate, left ventricular mean force, mean systolic ejection rate, left ventricular minute and stroke work, and tensiontime index.
Injection of aminophylline produced a significant increase in cardiac 29 ) showed that both EDV and ESV decreased during exercise. Therefore, except for the mild increase in heart rate, the reaction to the injection of aminophylline is the same as the reaction to exercise in which both EDV and ESV decreased and heart rate increased.
EDV and EDP: Jones30) and Dodge31) pointed out that there was no parallelism between EDV and EDP. Braunwald32) pointed out that EDV is better index for left ventricular function than EDP, and emphasized the necessity of measuring left ventricular volume. Our results ( Fig. 3) revealed also that EDV did not always change in combination with EDP. This unparalleled change was seen in case F.A. In these clinical experiments the decrease in EDV and EDP is considered due chiefly to the improvement of myocardial contractility, but it is partly attributed to the increase in heart rate, causing shortening of left ventricular filling period. Myocardial Effects: Our results show that aminophylline has positive chronotropic and inotropic effect on heart. Many investigators1)-10) have pointed out that aminophylline has a direct action of inotropism on heart. In frog's heart and in mammalian heart,11) it increases the rate and force of cardiac contraction. In excised papillary muscle of cat it produces an increase of systolic tension. In the present study, the CSR, a parameter suggesting the myocardial contractility, showed a significant increase after the injection of aminophylline. This finding indicates a strong positive inotropic effect. The effect was also demonstrated by other investigators. They showed that it strengthens myocardial contraction as measured by myocardial force transducers33) and increases the concentration of grucose-6-phosphate in heart muscle,34) as do many of the known inotropic agents. However , this marked increase in CSR was not parallel to the increase in heart rate and blood pressure, excluding the possibility that this change is attributed to Bowditch's effect (response to the increase of heart rate) 35) and Anrep's effect (response to the increase of blood pressure).36) The blood pressure did not change , and the increase in heart rate (8%) is unproportionately small comparing to the increase in CSR (47%). Gorlin et al .28) reported that CSR increased by 38% with an increase in heart rate by 48% and Sonnenblick37) showed that df/dt increased by 42% with an increase in heart rate by 50% .
It is interesting to note that there may be some differences between MSER and CSR in showing the myocardial contractility , because MSER did Vol. 8 No. 2 not change in spite of the marked increase in CSR.
A decrease in left ventricular force was observed in spite of an increase in CSR. In other words, left ventricle could contract much more rapidly with less force. This effect is due partly to the peripheral vasodilatation or a decrease in peripheral vascular resistance, and partly to accentuation of myocardial contractility.
TTI: It was demonstrated that both ventricular size and pressure have been considered as the determinants of myocardial oxygen consumption in isolated dog-heart preparation. 31), 39) If heart size is constant, TTI correlates well with myocardial oxygen consumption. 40) In our experiments the left ventricular end-diastolic and end-systolic volume decreased significantly, but TTI did not change markedly. This fact suggests an increased oxygen consumption of the heart by the action of aminophylline. It was previously shown by one of the authors that myocardial oxygen consumption increased by the injection of this drug using coronary sinus catheterization in man. 41) For these reasons, it is concluded that aminophylline decreases the left ventricular volume or heart size by stimulating the myocardium and results in an increase in the oxygen consumption of the heart.
SUMMARY
In 10 patients with acquired valvular or hypertensive heart diseases, the acute effects of aminophylline (theophylline ethylenediamine) were studied by the combined left and right cardiac catheterization, calculating the left ventricular volume and circumferential shortening rate using external monitoring of radioisotope dilution. Aminophylline produced a significant increase in cardiac output, left ventricular forward fraction and circumferential shortening rate, and a significant decrease in left ventricular end-diastolic pressure, end-diastolic and end-systolic volume, left ventricular mean force and total peripheral vascular resistance. These results indicate that aminophylline improve the function of failing heart by the stimulation of myocardium and resultant increase in myocardial contractility together with its vasodilating action on peripheral vessels.
